Background and Aims The possibility of using tree materials in early phenological stages, such as dormant buds and flowers, for the prognosis of Fe deficiency occurring later in the year has been studied in peach and pear trees. Methods Thirty-two peach trees and thirty pear trees with different Fe chlorosis degrees were sampled in different commercial orchards. In peach, samples included flower buds, vegetative buds, bud wood, flowers and leaves at 60 and 120 days after full bloom (DAFB). In pear, samples included buds, bud wood, flowers and leaves at 60 and 120 days DAFB. Leaf chlorophyll was assessed (SPAD) at 60 and 120 DAFB. Sampling was repeated for 3-5 years depending on the materials. Mineral nutrients measured were N, P, K, Ca, Mg, Fe, Mn, Zn and Cu.
Introduction
The mineral concentration of plant tissues is generally used by farmers to diagnose nutrient deficiencies, excesses or imbalances in crops (Chapman 1966; Bould et al. 1983; Marschner 1995) . Also, changes in mineral nutrient concentrations are commonly accepted as a reliable guide for assessing the success of orchard fertilization programs (Brown and Kiyoto 1996; Basar 2006; Zuo and Zhang 2011) . A renewed interest in new ways to diagnose and monitor plant nutrient status has arisen, based on the farmer's need to have an optimal crop nutrient supply in order to increase not only crop yield but also fruit quality (Brown and Kiyoto 1996; Gruhn et al. 2000; Cakmak 2002; Abadía et al. 2004; Zuo and Zhang 2011) .
Iron deficiency is the most prevalent nutritional disorder in fruit tree crops growing in calcareous soils , causing decreases in tree vegetative growth, a shortening of the orchard life span as well as losses in both fruit yield (Rombolà and Tagliavini 2006) and quality (Álvarez-Fernández et al. 2006 . The material used more often for plant nutrient status monitoring is the leaf tissue. This is because leaf nutrient composition integrates many factors, from soil nutrient availability to plant uptake and distribution, and therefore reflects very often in an adequate manner the nutritional balance of the plant at the time of sampling (Pestana et al. 2003) . The diagnosis of Fe deficiency in fruit tree species, conversely to what happens with other nutrient disorders, cannot be adequately carried out using leaf elemental composition, because Fe-deficient fieldgrown leaves often have Fe concentrations as high as those of Fe-sufficient leaves (this has been described as the "chorosis paradox"; Morales et al. 1998; Römheld 2000) . This is likely associated to a preferential distribution of Fe in leaf areas close to the vascular system (Jiménez et al. 2009; Tomasi et al. 2009 ). Also, the leaf analysis approach may have a major problem when used in some fruit tree species, because recommended times for sampling are too late in the season for any subsequent corrective measure that can improve fruit yield and quality El-Jendoubi et al. 2011) .
Therefore, methods alternative to leaf analysis have been proposed to prognose (diagnose in advance) Fe deficiency in fruit tree crops. For instance, the mineral composition of flowers has been used with this purpose in pear (Sanz et al. 1993) , peach (Sanz and Montañés 1995; Sanz et al. 1997; Belkhodja et al. 1998; Igartua et al. 2000) , apple , nectarine (Toselli et al. 2000) , olive (Bouranis et al. 1999) , almond (Bouranis et al. 2001 ) and orange (Pestana et al. 2004) trees. Also, bark analysis has been used for Fe deficiency prognosis in peach trees (Karagiannidis et al. 2008) . Other studies have proposed to use additional parameters such as nutrient ratios to assess the tree Fe nutrition status. For instance, the ratios K/Ca and P/Fe in leaves (Abadía et al. 1985 (Abadía et al. , 1989 Köseoğlu 1995; Belkhodja et al. 1998 ) and K/Zn and Mg/Zn in flowers (Igartua et al. 2000; Pestana et al. 2004 ) have been used with this aim.
In this work, we have tested the hypothesis that tree materials occurring early in the season, such as dormant buds (in winter) and flowers (in late winter or early spring), could be used for the prognosis of Fe deficiency that occurs later in the growth season. With this aim we obtained a multi-year database of nutrient concentrations in dormant buds, flowers and leaves, from 32 peach trees and 30 pear trees growing in commercial orchards in the field and affected to different extents by Fe chlorosis. To assess Fe chlorosis, leaf chlorophyll was measured each year at two different dates during the season. The consistency across years of the relationships between nutrient concentrations and leaf chlorosis was assessed using four different statistical approaches: i) comparison of means depending on the chlorosis level, ii) correlation analysis, iii) principal component analysis, and iv) stepwise multiple regression.
Material and methods

Plant material
Forty-five peach trees (Prunus persica L. Batsch) and 45 pear (Pyrus communis L.) trees were selected in 2001 in 30 different commercial fruit orchards located in the Ebro river basin area, Northeastern Spain (see Online Resource 1 for the location of the orchards; no more than two trees per orchard were selected). This is a calcareous soils area where Fe chlorosis is widespread (Sanz et al. 1992) . The only criterion for the selection of orchards was the presence of leaf Fe chlorosis symptoms in the summer of 2001. Since the orchards were privately owned, they were not experimentally controlled and both the orchard characteristics and management techniques were decided by the grower and were very diverse. At the time of selection, trees ranged from fully green to severely Fe-deficient (Fe-chlorotic) . Trees were then tagged and monitored over a period of up to 5 years. Results in this study are shown only for 32 and 30 trees in the case of peach and pear trees, respectively, because the rest of the trees did not survive, due to different causes, at the end of the multi-year experiment.
Materials sampled in each of the trees included different bud materials, as well as flowers and leaves. Several samples were taken per tissue from a given tree (leaves, flowers or bud materials), and then were mixed and homogenized to get one sample (approximately 1 g DW) per tissue type and tree. First, 100-150 bud samples per tree were taken in 1 year-old dormant shoots in winter (in mid December-mid January, around the tree crown and in the same position used for flower sampling, see below). In the case of peach trees, bud materials sampled were flower buds, vegetative buds and an adjacent bud wood sample that included the bud support ( Fig. 1 ). In the case of pear trees, materials sampled were buds and also an adjacent wood sample that included the bud support. All bud materials were sampled at the same time and from the same shoots. In the case of peach trees, bud and bud wood samples were first collected separately from the apical and central parts of the shoot, to explore the possibility that the localization within the shoot may have an effect in mineral composition. Since no significant mineral concentration differences were found in materials taken in the apical and central parts of the shoot (data not shown), data are presented on a whole shoot basis. Afterwards, 60 whole flowers per tree (including petals, sepals, reproductive parts, bracts and peduncles) were taken at full bloom (in early March for peach and late March-early April for pear). Flowers were sampled from the central part of the shoots around the tree crown (30 in the upper part and 30 in the lower part of the crown; Belkhodja et al. 1998; Igartua et al. 2000) . Finally, 30-50 leaves per tree were sampled (fully developed leaves, 4th-6th from the top in the distal third of the current year's growth; Belkhodja et al. 1998 ) 60 and 120 days after full bloom (DAFB), in May and July. Wood, flower and leaf samples were taken during five consecutive growth seasons (2001-2002 to 2005-2006) , with the exception of pear tree bud wood samples, which were taken only in three consecutive growth seasons (2003-2004 to 2005-2006) . Bud samples were taken for three consecutive growth seasons in peach trees (2001-2002 to 2003-2004) , and only in the 2003-2004 growth season in pear trees.
Leaf chlorophyll estimation
The leaf chlorophyll concentration per area was estimated in the field by using a SPAD 502 meter (Minolta Co., Osaka, Japan). Measurements were made at 60 and 120 DAFB in 30 leaves per tree all around the crown, and average values are referred to as SPAD60 and SPAD120, respectively. Leaves sampled were young, fully developed ones located in the position 4th-6th from the top (El-Jendoubi et al. 2011 ).
Mineral analysis
Samples were washed, mineralized and analyzed using standard procedures (Abadía et al. 1985; Igartua et al. 2000) . Nitrogen and P were analyzed by the Dumas method and spectrophotometrically, respectively. Potassium was measured by flame emission spectroscopy, and Ca, Mg, Fe, Mn, Cu and Zn were measured by atomic absorption spectrophotometry. Results were expressed as % dry weight (DW) for macronutrients (N, P, K, Mg and Ca) and as mg kg −1 DW for micronutrients (Fe, Mn, Cu and Zn) .
Statistical analysis
The relationships between nutrient concentrations in the different materials and SPAD were assessed using four different statistical approaches: i) comparison of means depending on the chlorosis level, ii) correlation analysis, iii) principal component analysis, and iv) Fig. 1 Peach tree buds, showing the vegetative and flower buds as well as the adjacent bud wood sample that included the bud support stepwise multiple regression. Differences in nutrient concentrations over the years were examined using analysis of variance, using PROC GLM of the SAS package (SAS Institute 1989). Duncan Multiple Range Test was used at P≤0.05 for the multiple mean comparison. For the evaluation of the possible relationships between nutrient concentrations and SPAD indexes, correlation and principal component analyses were carried out using PROC CORR and PROC PRINCOMP (SAS Institute 1989). To distinguish which nutrients contribute more than others to the explanation of the SPAD variance, multiple regression analyses were performed using PROC REG (SAS Institute 1989).
Results
Leaf chlorophyll concentrations in peach and pear trees
The trees included in the study had different leaf chlorosis levels due to the presence of Fe deficiency in the area. Iron deficiency is known to affect differently trees growing in the same orchard, leading to tree chlorosis heterogeneity (El-Jendoubi et al. 2011) . Leaf SPAD values were measured at 60 (SPAD60) and 120 DAFB (SPAD120) in all trees, and SPAD values of those trees having the maximal (Fe-sufficient, green trees) and minimal values (Fe-deficient, chlorotic trees) in each of the 5 years of study are shown in Table 1 . Maximal and minimal values were dependent on the year. In peach trees, minimal SPAD60 and SPAD120 values were in the ranges 12-18 and 9-15, respectively, whereas the corresponding values in pear trees were 12-19 in both sampling times. In peach trees, maximal SPAD60 and SPAD120 values were in the ranges 36-45 and 41-45, respectively, whereas the corresponding values in pear trees were 44-51 and 48-53, respectively.
For the nutrient mean comparison (see below) trees were assigned to three different chlorosis categories, i.e., markedly chlorotic, moderately chlorotic and green (each category composed of 10-11 trees), using the 5-year averaged SPAD120 value for each tree (Fig. 2) . These three categories are representative of the range of values found in the region for these crops. During the 5-year study period, the average SPAD value for each of the three tree categories established was quite stable both in peach and in pear trees (Fig. 2) .
Nutrient concentration ranges in peach tree buds, flowers and leaves
The overall mineral composition of the different peach tissues in the multi-year study is shown in Table 2 . Values shown include maximal and minimal nutrient concentrations found in individual trees each 6-19.4 (11.1±5.4) year as well as (in parenthesis) average values for all trees each year. Also, multi-year mean maximal and minimal values and (in parenthesis) means±SD are shown for each material (in italics in Table 2 ). Generally, differences between years were larger in the case of microelements than in the case of macroelements.
In peach tree flower buds, N, P, K, Ca and Mg concentration mean values were 1.6, 0.2, 0.6, 1.7 and 0.3%, respectively. Concentration averages for Fe, Mn, Zn and Cu were 174, 21, 30 and 77 mg kg respectively. Flowers were, when compared to flower buds, markedly enriched in N, P, K, Mn and Cu, and had less Ca. Flower concentrations of Cu were also very high, possibly because of agrochemical treatments with Cu. In peach tree leaves sampled at 60 DAFB, N, P, K, Ca and Mg concentration averages were 4.1, 0.3, 2.6, 1.6 and 0.5%, respectively. Concentration averages for Fe, Mn, Zn and Cu were 76, 38, 47 and 17 mg kg −1 , respectively. In the case of peach tree leaves at 120 DAFB, N, P, K, Ca and Mg concentration means were 3.6, 0.2, 2.5, 1.7 and 0.7%, respectively, whereas those for Fe, Mn, Zn and Cu were 97, 40, 31 and 11 mg kg −1 , respectively. Leaves at 60 DAFB had, when compared to vegetative buds, higher concentrations of N, K and Zn, and lower concentrations of Ca and Fe. Data show that marked decreases in N, P and Zn, and marked increases in Mg and Fe occurred in leaves from 60 to 120 DAFB.
Effects of the leaf chlorosis level in the nutrient concentrations of peach tree buds, flowers and leaves
The mineral composition of peach tree tissues affected by different degrees of chlorosis is shown in Online Resource 2. As indicated above, trees were separated into three categories, i.e., markedly chlorotic, moderately chlorotic and green (each composed of 10-11 trees), using the 5-year averaged SPAD120 value for each tree. Significant changes (at P≤0.05) between nutrient concentrations in peach trees with different degrees of chlorosis were found for several nutrients: chlorosis led to decreases in P (flowers and leaves at 60 DAFB), Cu (bud wood and flowers) and Zn (bud wood, flowers and leaves at 60 DAFB), and to increases in Mg (bud wood, flower and vegetative buds and flowers).
Nutrient concentration ranges in pear trees: buds, flowers and leaves
The mineral composition of pear tissues in the different years is shown in The mineral composition of pear tree tissues affected by different degrees of chlorosis is shown in Online Resource 3. As in the case of peach, trees were separated into three categories, i.e., markedly chlorotic, moderately chlorotic and green (each composed of 10 trees), using the 5-year averaged SPAD120 value for each tree. In pear trees with different degrees of chlorosis, significant changes (at P≤0.05) between nutrient concentrations were found for several nutrients: chlorosis led to decreases in N (leaves at 60 and 120 DAFB), P (leaves at 120 DAFB), Mg (flowers), Fe (flowers and leaves at 60 DAFB), Mn (buds, flowers and both types of leaves) and Zn (flowers), and to increases in Mg (leaves at 120 DAFB).
Correlations between nutrient concentrations and SPAD values
Correlation analysis was used as a preliminary exploration tool to assess the consistency across years of the relationships between nutrient concentrations and leaf SPAD values at both measuring dates. The coefficients of correlation (r values) and the corresponding statistical significances are shown for peach and pear, respectively, in Tables 4 and 5 . In these Tables, combinations of nutrient concentrations and SPAD that have consistent relationships across years (significant correlations with the same sign and more than 50% of the years) are shaded in grey. In peach, the relationships between the concentrations of some elements and leaf SPAD values were quite consistent for all materials (Table 4) . The correlations between Mg and SPAD were generally negative and significant (at P≤0.05) in many cases, including early materials such as flower and vegetative buds, bud wood and flowers, and also in leaves at 120 DAFB. The correlations between Zn and SPAD values were generally positive and occur in many cases, including materials such as flower buds, bud wood, flowers and leaves. In the case of K, negative significant correlations occurred with SPAD, but mostly in late materials such as leaves at 60 and 120 DAFB. Positive correlations occurred between Ca concentrations and SPAD (bud wood and 60 DAFB leaves) and between P and SPAD (flower buds, bud wood and flowers). Iron and Cu were correlated with SPAD only in the case of leaves.
In pear, the correlation analysis revealed that Zn concentration was consistently and positively correlated with SPAD values in the case of bud wood and flowers (Table 5) The correlation analysis revealed a consistent behavior of the two sets of trees across years (Tables 4 and 5 ). This was confirmed by the analysis of variance for each element analyzed, which confirmed in most cases rather small differences among years (not shown). Therefore, to obtain a more general perspective of the relationships of mineral nutrients and SPAD values, we made a principal component analysis per tissue and species, using the multi-year peach and pear tree datasets (Figs. 3 and 4 , respectively). Nutrient concentrations, measured in the different plant parts each year, and SPAD indexes were included as variables. Since nutrient concentrations are generally not fully independent and show some degree of correlation among them, a principal component analysis is a practical way of extracting information from a large dataset. Principal components are newly derived variables, which account for the main dimensions of variability existing in the original database (Igartua et al. 2000) .
In the case of the peach tree 5-year database, the first component explained between 24 and 29% of the total variance in the different plant materials (Fig. 3) . The second component explained between 14 and 17% of the variance, with further components explaining less than 11%. Some patterns were consistent for all plant materials. Magnesium had always a negative load on the first component (X-axis in Fig. 3 ), conversely to SPAD120, SPAD60, Ca and Zn, which always had positive loads. Iron had a Fig. 3) , both SPAD120 and SPAD60 had negative loads, excepting the case of SPAD60 in 120 DAFB leaves. Most nutrients were generally in the positive part of the axis, excepting N in the case of bud wood, vegetative buds and flowers, Mg and Fe in leaves at 120 DAFB, Zn in vegetative buds, Cu in flower buds and leaves at 60 DAFB, and Mn in flower buds. In the case of the multi-year pear database (five growth seasons for flowers and leaves, three seasons for bud wood and one for buds), the first component explained between 30 and 35% of the total variance, with a second component explaining between 15 and 28% of the variance (Fig. 4) . In the case of pear, the pattern seems to be dependent on the plant material. For instance, both types of SPAD have low positive loads on the first component (X-axis in Fig. 4 ) for buds and bud wood, and higher positive loads in the case of flowers and both types of leaves. For other nutrients the loads were generally positive, except for N, Ca and Fe in the case of buds, K in the case of flowers and both types of leaves and Mg in the case of 120 DAFB leaves. Considering the second component (Y-axis in Fig. 4 ), the SPAD indexes had high positive loads in the case of bud wood and buds and low loads for the other materials. Magnesium had positive loads in the case of both leaf types and flowers, and K and P had positive loads in most materials, with the exception of bud wood and flowers (P). Nitrogen had positive loads also for all materials excepting flowers.
Regression analysis of the mineral nutrient peach and pear database
The correlation and principal component analysis described above revealed the existence of significant relationships between SPAD and mineral nutrients. Then, we used a stepwise multiple regression method to find the main nutrients responsible for changes in SPAD. In this stepwise method, all the variables already included in the model are re-assessed after a new variable is added, and any variable that is not statistically significant (using F values; at the SLSTAY=level) is removed. Only after this check is made and the necessary deletions are accomplished can a new variable be added. This stepwise process ends when none of the variables outside the model is statistically significant and every variable is statistically significant, or when the variable to be added is the one just deleted from it (Neter et al. 1996) .
In peach trees, the contribution of every nutrient to the explanation of the variability of the SPAD values was assessed in the different tissues from the corresponding average partial determination coefficients (R 2 ) across years (Y-axis, Fig. 5 ). The average global determination coefficients (R 2 ) across years found by each stepwise regression is also shown in the insets in Fig. 5 . In many cases, the same set of elements contributed to the explanation of SPAD values at both sampling dates. However, when comparing tissues, differences occurred both in the number of elements included in the stepwise regression and in the maximal R 2 values. The only common elements in the final regression step for all plant materials were Mg and Zn. The tissues that included more nutrients in the model were leaves at 60 and 120 DAFB; these plant materials also had the highest partial R 2 values, 0.26 for Ca in 60 DAFB leaves and 0.20 for Mg in 120 DAFB leaves. In vegetative buds, the only elements included in the model were Mg and Zn, with partial R 2 values of 0.078 and 0.134 in the case of SPAD60 and 0.082 and 0.091 in the case of SPAD120, respectively. On the other hand, Fe was found to contribute to the model only in the case of leaves at 60 and 120 DAFB, conversely to the correlations found previously between flower Fe and SPAD (Belkhodja et al. 1998; Igartua et al. 2000) . Potassium was included in the model in the cases of leaves at 60 DAFB and flowers (with SPAD60), bud wood (with SPAD120) and in the case of leaves at 120 DAFB (with SPAD60 and SPAD120). In a previous study with a single orchard, a regression model including K and Zn explained approximately 28% of the changes in leaf chlorophyll concentration, and this relationship was quite constant across years (Igartua et al. 2000) .
In peach trees, the average global coefficients of determination (R 2 in insets in Fig. 5 ) values were higher when using SPAD60 than when using SPAD120 in all materials, excepting in leaves at 120 DAFB. The global R 2 values were (SPAD60/ SPAD120): 0.555/0.468, 0.212/0.174, 0.368/0.274, 0.441/0.364, 0.658/0.466 and 0.572/0.628 for flower buds, vegetative buds, bud wood, flowers, leaves at 60 DAFB and leaves at 120 DAFB, respectively. Therefore, R 2 values were (in decreasing order): for SPAD60, leaves at 60 DAFB>leaves at 120 DAFB> flower buds>flowers>bud wood>vegetative buds, and for SPAD120, leaves at 120 DAFB>flower buds>leaves at 60 DAFB>flowers>bud wood>vege-tative buds.
In the case of pear trees, the coefficients of determination across years are shown in Fig. 6 (partial R 2 for single nutrients in the Y-axes and global R 2 in the insets, respectively). The tissues in which more nutrients contributed to the explanation of the SPAD values were both types of leaves. In bud wood, the only elements showing a relationship with SPAD The global R 2 values for pear trees were higher when using SPAD60 than when using SPAD120 in all materials, excepting in bud wood (insets in Fig. 6 ). Values were (SPAD60/SPAD120): 0. 682/0.248, 0.094/ 0.108, 0.435/0.381, 0.609/0.393 and 0.695/0 .608 for buds, bud wood, flowers, leaves at 60 DAFB and leaves at 120 DAFB, respectively. Therefore, R 2 values were (in decreasing order): for SPAD60, leaves at 120 DAFB > buds > leaves at 60 DAFB > flowers > bud wood, and for SPAD120, leaves at 120 DAFB> leaves at 60 DAFB>flowers>buds>bud wood.
Evaluation of the regression equations to predict chlorosis in different years
The reliability of the best-fit regression equations obtained for the prediction of SPAD60 from the nutrient concentrations was assessed, taking as a proof of concept the case of peach (flower buds and flowers). The best-fit equations obtained, using data from all years of study combined (3 years for flower buds and 5 years for flowers), were: Both R 2 values are rather high, especially considering the heterogeneity of the peach tree population used. To assess the reliability of these equations across years, the SPAD value observed experimentally in each tree every year was plotted vs. the SPAD values predicted by the equations above (Fig. 7) . Results show that there were no major differences in the slopes of the lines corresponding to each year of study, indicating that the multi-year equations obtained were sufficiently reliable. In the case of pear trees the reliability of the models was not as good as that in peach trees; the best-fit equations obtained and the regression lines obtained using pear tree flowers and bud wood data are shown as an example in Online Resource 4.
We have also assessed the percentages of correct chlorosis assignment when using the best-fit regression curves (Fig. 8) . The trees were distributed in the same three chlorosis categories indicated above (markedly chlorotic, moderately chlorotic and green). In a first approach, we grouped moderately chlorotic and green trees, considering that (Fig. 8, left) . In that case, the equation correctly assigned as markedly chlorotic 12-18% of the total number of trees (in the case of flowers and flower buds, respectively), whereas in 10-11% of the trees the prediction was incorrect. Therefore, the chlorosis prediction was correct in approximately 54 (12 out of 22%) and 63% (18 out of 29%) of the cases using flowers and flower buds, respectively. In a second approach, we grouped moderately and markedly chlorotic trees, considering that moderately chlorotic ones would need Fe fertilization (Fig. 8, right) . In that case, the equation assigned correctly as chlorotic 44 and 57% of the total number of trees (in the case of flowers and flower buds, respectively), whereas in 7-8% of the trees the prediction was incorrect. Therefore, the chlorosis prediction was correct in approximately 86 (44 out of 51%) and 88% (57 out of 64%) of the cases (using flowers and flower buds, respectively). These are the percentage of times that a producer in our region will be right in the decision of applying or not a corrective treatment for Fe chlorosis using the equations above. Furthermore, as an additional test of reliability of the regression method, we developed equations from peach tree flower datasets considering data from only 4 years, and tested the model with the data from the remaining year, i.e., we used a jackknife procedure to draw conclusions about the validity of the method. Five different equations were obtained, the first using data from 2002, 2003, 2004 and 2005 to obtain an equation and validating it for 2006, the second using data from 2003, 2004, 2005 and 2006 to obtain an equation and validating it for 2002, and so on. Then, the percentages of correct chlorosis assignment were estimated as indicated above for the five different best-fit regression curves, and an average was calculated. The results, presented in Online Resource 5 (means±SE), suggest that the percentage of correct chlorosis assignment was consistent across years, and not very different from the results for the best possible equation (the one calculated with all years available).
Discussion
This study provides a database of mineral concentrations from early materials, including buds and flowers, in peach and pear trees affected to different extents by Fe-deficiency chlorosis. The SPAD values reported represent a wide range, spanning from markedly chlorotic individuals to trees that were fully green. These SPAD values are representative of the ranges found previously in pear and peach fruit trees growing in the same area (Belkhodja et al. 1998; Morales et al. 1994 Morales et al. , 1998 . Therefore, the trees analyzed were an adequate sample to accomplish one of the main goals of this study, to explore the relationship of mineral nutrient concentrations with iron chlorosis in a situation as close to reality as possible. In the case of peach, the mineral concentrations of flowers and leaves were within the nutrient ranges observed in previous studies in the area (Abadía et al. 1985; Belkhodja et al. 1998; Igartua et al. 2000; Sanz et al. 1993) , whereas those of buds (flower and vegetative buds and bud wood) are reported here for the first time. In the case of pear, the mineral concentrations of flowers and leaves were within the nutrient ranges common in the area Sanz et al. 1993) , and those of buds are reported here for the first time. Studies reporting the mineral concentrations of fruit tree buds are not common. The concentration of B in buds was used to assess the B nutritional status of apple trees (Wójcik 2002) , and the flower bud B concentrations was also reported in olive trees by Rodrigues and Arrobas (2008) . Also, the nutrient concentrations in pistachio flower buds have been reported (Mehdi et al. 2006; Vemmos 1999) . Data presented in this work will constitute a framework for future studies on the underlying mechanisms of the fluxes of mineral nutrients from the bud to the flower and leaf stages.
Results obtained support that it is possible to carry out the prognosis of Fe chlorosis using early materials such as buds and flowers. In general, the elemental composition of flower buds and flowers allowed to predict chlorosis (at 60 DAFB) almost as well as the leaf elemental composition at 60 DAFB, as indicated by the R 2 values of the multiple regressions (Figs. 7 and 8 ). This indicates that the tree nutrition status at flowering, or even prior to it, is almost as good for the prediction of future foliar Fe-chlorosis as that of the leaves themselves. However, the relationships found here, where a heterogeneous tree population (from many different orchards) was sampled, were markedly different from those obtained in previous studies, where a single orchard was used (Belkhodja et al. 1998 , Igartua et al. 2000 . This study has been carried out sampling trees from a set of commercial orchards, with no control over other factors that may affect chlorosis, such as soil characteristics, cultivars or orchard management practices. Therefore, we can expect a much larger variability of responses than in single orchard experiments, due to this variety of uncontrolled factors. The trends found in such unfavorable conditions may have a better translational potential, as the experimental set up matches the conditions encountered by commercial producers. On the other hand, the results presented here indicate that in early materials (buds and flowers) of peach trees that will show Fe chlorosis later in the year the concentrations of P would tend to be relatively low, and those of Mg would tend to be relatively high. However, the reason for these associations between P, Mg and Fe status are not yet known, and unraveling the mechanisms behind these relationships will require further experiments.
Leaf chlorophyll measured at 60 DAFB (SPAD60) tended to present very large loadings in all principal component analyses, across all tissues and in both tree species. In most cases, SPAD60 had a large loading on the first component and, where this did not occur (as for buds and bud wood in pear), the loading on the second component was large. This means that this trait showed relatively more relationships with the rest of the variables, and thus can be explained by them to some extent. These mathematical relationships do not indicate causality, but they can be useful to derive predictive equations (see below). On the other hand, SPAD120 tended to present slightly lower loadings, meaning that its relation with mineral elements was weaker than for SPAD60. This was confirmed by the regression analysis, where, in all cases excepting one, the model chosen explained better (i.e., have larger R 2 values) SPAD60 than SPAD120. This situation was expected, since SPAD120 represents a physiological stage more distant in time from the other samplings than SPAD 60. Another possibility is that SPAD120 may be affected by the application of corrective treatments between 60 and 120 DAFB. In some cases, trees at 120 DAFB may present a better Fe-nutrition status due to application of Fe corrective treatments, which are usually done along the season.
Consistently significant associations between nutrient concentrations and SPAD found by the different methods in each of the peach and pear tree materials are summarized in Table 6 . These results indicate that different statistical analysis methods can provide complementary data, since in some cases only one or two methods indicated significant associations, whereas in other cases three or four of the methodologies used detected such associations (shaded cells in Table 6 ). The most marked associations were detected by any of the four methodologies, whereas more subtle associations were only detected with the principal component and multiple stepwise regression analysis.
In our experimental conditions, the general best-fit regression equations obtained for the prediction of SPAD60 from nutrient concentrations of peach flower buds and flowers were quite reliable over the different years. Also, such equations could predict, in more than 86% of the cases, whether a tree in our region will show chlorosis later in the year, using only flower bud or flower mineral data. The formal validation of the relationships found must be tested in further studies, using mineral nutrient datasets different to those employed to develop the equations. Furthermore, the possibility that the relationships could be even stronger when using a single cultivar should be also explored. The development of this type of predictive tools will offer the producer the possibility of taking a very early decision, having potentially a large impact on final fruit yield, although these benefits can only be confirmed after further experiments. 
